Purpose: To study the demographic profile, clinical features, treatment outcome, and ocular morbidity of microbiologically proven Pythium keratitis in South India. Methods: A retrospective analysis of clinical records of microbiologically proven Pythium keratitis at a tertiary eye care referral center in South India from January 2016 to November 2017 was performed. Demographic details, predisposing risk factors, microbiological investigations, clinical course, and visual outcome were analyzed. Results: Seventy-one patients with microbiologically proven Pythium keratitis were identified. The mean age was 44(±18.2) years with an increase in male preponderance and 50% were farmers. Duration of delay at time of presentation to the hospital was a mean of 14(±7.2) days. The visual acuity at baseline ranged from 6/6 to no light perception (median 2.1 logMAR). A combination of 5% natamycin and 1% voriconazole was given to 42% patients, and natamycin alone was given to 39.4% patients. 1% itraconazole eye drops alone was initiated in 7 (10%) patients and 3 among this group responded. Therapeutic keratoplasty (TPK) was performed in 48 (67.6%) patients. None of the primary grafts remained clear after a period of 1 month. Twenty-six eyes (54.2%) had graft reinfection and all these eyes either developed anterior staphyloma (4) or were eviscerated (3) and 13 eyes became phthisical. The remaining 22 patients who had TPK resulted in failed graft. Among these, re-grafts were performed in 6 patients, of which 5 were doing well at the last follow-up. Conclusion: We report a large series of patients with Pythium keratitis. Promoting early and differential diagnosis, awareness of clinicians and specific treatment options are needed for this devastating corneal disease.
Increasing reports of Pythium keratitis in recent years has garnered much attention, with reports emerging from the Asia Pacific region. [1] [2] [3] [4] [5] [6] [7] [8] Pythium is an oomycete that causes a devastating infection of the cornea and has been reported to have a poor outcome. It is a very difficult disease to treat with patients responding poorly to the conventional antifungal medication or to surgical procedures such as penetrating keratoplasty. Major reports of both systemic and ocular infections being caused by Pythium insidiosum have been primarily from Thailand and are found to be endemic there because of their climatic conditions. [9] [10] [11] [12] [13] Pythium species is classified in the Phylum Straminipila, Class Oomycetes, Order Pythiales, and Family Pythiaceae. [14, 15] While pythiosis is often described as an emerging disease, [16] the disease was described as early as in 1884 by British veterinarians working with horses in India. [17] Systemic infections in humans with Pythium are also well documented with pythiosis being a life-threatening disease with high rates of morbidity and mortality. [18] Diagnosis and treatment still remains difficult because of the nature of this organism. [6, 7] The visual morbidity that often results from Pythium keratitis underscores the importance of studying its epidemiology. Reports have described the different modalities for recognizing this organism from the growth on culture media. [19] Another area of concern is the lack of standardized treatment protocol for these devastating organisms, and various treatment options have been recommended. [7, 8, 20] Keratitis due to Pythium does not scar easily and afflicted patients face a prolonged recovery often requiring multiple keratoplasty. This is an important issue of concern where the burden of corneal blindness due to microbial keratitis is already high. Recognizing, and if possible, prevention of this devastating disease is very important.
In this study, we present a large series of patients of Pythium keratitis occurring between 2016 and 2017 among patients presenting to an eye care referral center in South India. The risk factors, clinical signs and symptoms, and treatment outcomes are analyzed to see if there was any trends toward better treatment response. Hasika, et al.: Pythium keratitis in South India for Pythium keratitis from January 2016 to November 2017. Approval was obtained from the Institutional Review Board of Aravind Eye Hospital, Madurai for this study. The demographic details, predisposing factors, clinical course, microbial results, treatment, and visual outcomes were collected. The indications for therapeutic penetrating keratoplasty were analyzed. Following recording the clinical characteristics, all the affected eyes were subjected to a microbiological evaluation. Corneal scrapings were collected under topical anesthesia using 0.5% proparacaine. Specimen included two scrapings for smear examination (one each for Grams stain and 10% potassium hydroxide wet mount) followed by a subsequent sequential scraping for culture on blood agar and potato dextrose agar. The characterized colony morphology of the Pythium species on the blood agar prompted us to the possibility of Pythium. This was further confirmed both by PCR-based DNA sequencing targeting internal transcribed spacer (ITS) region and with zoospores formation identifying the organism as P. insidiosum in all the isolates. [19, 21, 22] Treatment initiated according to clinical and microbiological evaluations. The eyes with positive fungal smears were treated with 5% natamycin suspension on an hourly basis during waking hours. However, if Pythium keratitis was suspected from the clinical diagnosis, the eyes were treated with natamycin alone or a combination of topical natamycin and econazole or voriconazole. Itraconazole was also used either alone or in combination with 1% azithromycin as topical drops.
Patients with poor response despite adequate and appropriate antimicrobial therapy, perforation, and ulcers threatening limbus were subjected to therapeutic keratoplasty. The excised corneal button was also cultured on blood agar and potato dextrose agar and was processed for species identification. Postoperatively, all eyes were treated with voriconazole 1% on an hourly basis for a minimum period of 3 weeks.
Statistical analysis was done using statistical software STATA V.11.0, USA. Continuous variables were expressed as mean (SD), and categorical variables were expressed as frequency (percentage).
Results
During the study period of 23 months, the prevalence of Pythium keratitis was 5.9% (71/1204) of all the cases of keratitis that were culture positive for fungus. Looking at the month wise distribution, cases had started peaking from June 2016 and continued to July 2017. Only in the month of January 2017, there was no report of similar case [ Fig. 1 ]. We are still continuing to see relatively high numbers of cases.
The demographic features, risk factors, and previous treatment details of the patients are summarized in Table 1 . The mean age of the patients at presentation was 44 years (SD ± 18.2, range: 4-80 years), and there were 42 (59.2%) males and 29 (40.8%) female patients. Of these, 33 (46.5%) were farmers by occupation, and an equal number of them (53.5%) were either software professionals (10 [26.3%]), housewives from urban locales (13 [34.2%]), teachers (6 [15.8%]) and students (9 [23.7%]) with no exposure to vegetative matter. A predisposing factor was elicited in 51/71 (71.8%) patients [ Table 1 ]. The time taken to presentation to hospital varied from 2 to 60 days with a mean of 14 (SD 7.2) days. The majority of patients were on some form of topical medication before presenting to us, 36/71 (50.7%) were on both anti-fungal and antibacterial drops. Native medicine such as breast milk or chicken blood was used in four patients. Symptoms of pain, redness, irritation, and photophobia were present in all patients.
The visual acuity at the time of presentation ranged from 6/6 to no light perception (median 2.1 logMAR). Patients with BCVA less than 5/60 (50; [70.4%]), at presentation, were those who presented late to the hospital. These patients had a mean ulcer size of 38 sq. mm (SD 25.42 sq mm) [ Table 2 ]. However, patients who had better vision at presentation, i.e., from 6/6 to 6/60, presented early to the hospital and had significantly lower mean ulcer size of 13 sq.mm.
Hyphate edges of the infiltrates were seen in most patients; slit-lamp biomicroscopy showed multiple linear tentacle-like infiltrates [ Fig (17) Dirty water 5 (7) Insect injury 5 (7) Unknown In 29 patients, the initial culture was negative from the corneal scraping and only culturing of the corneal button picked up the Pythium species. Flat, feathery-edged, partially submerged, colorless, or light brown colonies with filiform margins [ Fig. 3c ] on blood agar were grown from corneal scrapings or buttons. In our study, the mean duration for culture positivity was noted to be 3-5 days (mean + SD). PCR amplification of Pythium fungal DNA targeting ITS region yielded 495 bp product [ Fig. 4 ].
Medical therapy was initiated in all the patients immediately on receiving a positive report of fungus on the corneal scraping [ Table 4 ]. The most preferred medication was a combination of natamycin and voriconazole that was given in 30 (42.3%) patients, whereas natamycin alone was given in 28 (39.4%) patients. In the group of patients who had a negative smear examination initially, a combination of natamycin and moxifloxacin was given and was modified according to the culture reports. Recently, itraconazole eye drops alone was initiated in 7 (10%) patients. To our surprise, among these 7 patients, we saw complete resolution of the ulcer in 3 patients with hourly itraconazole eye drops. The mean ulcer size for the 3 patients who resolved with itraconazole was 6.33 ± 2.5 sq. mm. These were the only 3 patients in this whole series that responded to medical treatment. The clinical profile of these 3 patients is described in Table 5 ; however, we could not discern any common thread in this subset of patients. They were varied age groups and professions. The only common Perforated corneal ulcer 5 (7) Total corneal ulcer 6 (8.5) point was that the presenting visual acuity was good in all 3 patients. One patient (no: 1) had initial progression of the ulcer and then it started responding. The duration of treatment was very prolonged in all these patients with an average of 47 days (SD).
Of the 71 patients, eleven patients did not follow-up after the initial visit. Among the rest, therapeutic keratoplasty (TPK) could not be done in 9 patients as they progressed to total corneal melt very quickly. In these 9 patients who had a corneal melt at the time of presentation, in whom a keratoplasty could not be done, eventually the eye became pthisical. TPK was performed in 48 (67.6%) patients who either had a perforated corneal ulcer at presentation itself or were clinically worsening (non-responsiveness to medical treatment or progression of clinical signs). The time interval between initial presentation to TPK varied from 0 to 59 days, with a mean of 15 days. The mean follow-up was 13 months (1-24 months).
Out of the 48 patients who had TPK, 26 (54.2%) developed a recurrence of the infection in the graft, of which 20 (77%) had limbal involvement preoperatively. The average size of ulcer in patients who had graft reinfection was 41.2 mm 2 compared to 27 mm 2 in those who had no re-infection postoperatively. Topical steroids were not administered postoperatively for any of the cases. Out of the patients who had graft reinfection, 13 eyes resulted in phthisis bulbi, 4 eyes into staphyloma, and three eyes had to be eviscerated. In the remaining 6 patients, the infection resolved. There was no statistically significant correlation with respect to recurrence of infection post TPK with perforation (p 0.295 Chi-square test), ulcer size (p 0.3304 Man-Whitney test), and graft size (p 0.4096 Mann-Whitney test). The remaining 22 patients who had TPK ended in failed opaque grafts. In these 22 patients, optical grafts were performed for 6 patients, out of whom 5 patients had clear graft at the last follow-up, whereas in one patient the re-graft also developed reinfection with Pythium and ultimately resulted in phthisis. In the patient who underwent TPK, anatomical success (globe salvage/no infection) was achieved in 21 (43.7%) patients and functional (vision) success was achieved in 5 patients (10.41%).
Discussion
In this study, we found that the cases of Pythium keratitis had considerably increased in the past 2 years and we are continuing to see this increase to the present in South India. The reasons for this are not yet clear. There are similar reports from this region from Agrawal et al. who reported 10 patients over 18 month's period, and Sharma et al. reported a total of 11 cases. [6, 7] This disease has rightly been described as underreported, and there is a need for an increase in awareness among both the microbiologists and ophthalmologists. [23] With the occurrence of such large numbers of ocular Pythium, there is a high possibility of human systemic Pythium also occurring in the region of Southern India that deserves close observation. In other countries, systemic infection with Pythium has been reported. [9] [10] [11] 24] Infections in plants and animals have also been reported. [14, 25] Although infections in horses from India were reported as early as 1884, recent reports of infections with this organism are lacking. This large number of cases is an indication of improved awareness of this pathogen and the knowledge of its identification. It is possible that we were missing these cases earlier by falsely labeling these as unidentified fungi or cases diagnosed as fungal according to microscopy but with no growth on culture.
Unlike other studies on fungal keratitis, where it occurs predominantly in agricultural workers, this pathogen seems to infect non-agriculture workers equally as highlighted in An outbreak of Pythium keratitis during the rainy season has been reported from Thailand. [2] Pythium is an aquatic organism, and many studies report an association between water and non-ocular Pythium infection, [15] but from our report, a non-aquatic environment may also be an important risk factor for the occurrence of ocular Pythium infection. However, a history of exposure to water and other aquatic environments such as agricultural fields and also soil is very imperative to raise the suspicion of Pythium keratitis.
The classic clinical features described in many series such as multiple linear tentacle-like infiltrates and the presence of dot-like infiltrates were also predominately present in our patients' population. Although confocal was not used in this study, other studies advocate the use of confocal microscopy to get a suggestion of the possibility of Pythium keratitis. In the laboratory, the combination of the classic colony morphology along with the zoospore production as well as molecular tools for the identification of Pythium will help in the identification and confirmation. [19, [26] [27] [28] [29] Although this organism grows readily on common laboratory medium such as blood agar and potato dextrose agar, it might not grow from the early specimens, such as the first corneal scraping, and direct microscopy examination of the smear also may be negative. Although the clinical features are a strong indicator, laboratory confirmation is also very much needed to accurately classify as Pythium keratitis. As was seen in our study, in some cases, the smear was negative and only the corneal buttons removed at the time of keratoplasty grew Pythium. Hence, a combination of specimens such as corneal scrapings and buttons has to be included to get a positive culture.
Various treatment and management options have been suggested in the treatment of Pythium keratitis. [20, [30] [31] [32] As Pythium is not a fungus, and the cell morphology is different from fungus, antifungal agents are not useful. However, the in-vitro activity of antibiotics such as azithromycin, minocycline, and tigecycline have been tested and found to be effective. [33] In the recent study by Muralidahr et al., one patient was treated with linezolid and azithromycin eye drops and the authors found the ulcer is responding. [20] One of the largest series reported so far was by Bagga et al. that had 144 patients over a 3 year period. [34] In this study, the authors studied the effect of a combination of topical linezolid and topical and oral azithromycin in the second phase of the study and found a favorable but not statistically significant response of P. insidiosum keratitis to antibacterial agents. However, the rate of TPK had been reduced in the group on antibiotics as compared to the antifungal group. This study shows promise on the efficacy of a combination of antibiotic in the treatment of Pythium keratitis. Further evaluation of this strategy in larger number of patients is recommended. In our study, in 3 patients the lesion resolved with topical itraconazole 1%. There might have been other factors contributing to the success of treatment with itraconazole such as the ulcer size, host response, and maybe even the species of Pythium. There is also the possibility that the infection may have been superficial and scraping would have resulted in debulking of infection. For any drug to be declared effective, larger studies involving more patients are needed to see the true efficacy. Penetrating keratoplasty has mixed results with some grafts getting reinfected or failing. The organism is so virulent and fast growing that there is not much time available before keratoplasty can be performed. In our series, the average time for performing keratoplasty was 15 days. Early keratoplasty may be beneficial, as recommended by some studies. In the series by Agarwal et al., cryotherapy and or absolute alcohol might prove beneficial. [7] 
Conclusion
To conclude keratitis due to Pythium seems to be increasing in recent times in South India, the reasons for which are not clear, and more data and research are needed to study this vision threatening corneal ulcer. We believe that the existing anti-fungal agents are not effective against Pythium infections. However, with the recent advance in molecular technology with next generation sequencing where the whole genome of Pythium might be known, hopefully more light will be shed on the pathogenesis of this organism which will be more helpful in developing new therapeutic strategies.
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